G. R. BARKER AND OTHERS 1964
observations may be made. Since the experiments were carried out under identical conditions with the same amounts of radioactive glucose, the specific activities of barium carbonate shown in Table 2 are proportional to the relative specific activities. Thus the higher specific activity of the carbon dioxide released in the presence of [1-14C]-glucose than that in the presence of [6-14C]glucose (Table 2 ) is in accord with the predominance of oxidative decarboxylation of glucose 6-phosphate. The low specific activity of pyrimidine-bound ribose formed from [6-14C]glucose compared with purine-bound ribose formed in the same cultures may be due either to a higher turnover rate in the purine nucleotides or to the existence of more than one precursor pool of nucleotide ribose. This point is discussed further in the next paper.
The conclusion is reached that enrichment of the exogenous adenine results in a significant depression in the labelling of whole cellular RNA by radioactive glucose in C. utili. This is largely, if not entirely, connected with the synthesis of ribose. The variations in the results observed in the hydrolysis products of RNA suggest that the effects of adenine are due to disturbances in a number of kinetically independent metabolic processes, the relative importance of which vary with differences in experimental conditions. Further work is required to establish their nature. 3. The percentage reductions in specific activities of the nucleotides and the ribose derived from them are similar, suggesting that the effect of adenine is largely concerned with the formation of ribose.
4. The specific activity of respired carbon dioxide is not affected by the addition of adenine. The specific activity of carbon dioxide from yeast growing in presence of [1-14C] glucose is approximately three times that from yeast growing in presence of [6-14C] David & Renaut (1955) found that all the activity was located at C(1) of the ribose molecule. Thus there is some evidence that the oxidative pathway from glucose to ribose plays a major role in this organism, and this is in agreement with results presented by Barker et al. (1964) . In the present studies, an attempt has been made to investigate the part played by major and minor contributory processes, and their possible susceptibility to exogenous adenine.
METHODS AND MATERIALS
Growth of organisms. Candida utilis, strain IMI 23311, obtained from the Commonwealth Mycological Institute, was maintained on agar slopes and grown in liquid medium as described by . The time required to give a twofold increase in extinction at 670 m,u was approx. 5 hr. Cells were harvested by centrifuging at 3000g and 5°.
Lactobacillus plantarum strain 8026 (National Collection of Industrial Bacteria) was maintained by transfers of stab cultures, and suspensions of resting cells were obtained in a xylose-containing medium as described by Gest & Lampen (1952) .
Purification of nucteotides and ribose from RNA of C. utilis. Methods for the extraction of sodium nucleates, hydrolysis, separation of nucleotides and the preparation of ribose from them were as described by Barker et al. (1964) . To avoid contamination of one nucleotide by another, the graph of extinction at 260 m,u against volume of eluate from the ion-exchange column was extrapolated to zero extinction for each peak and only those fractions were taken which showed no overlap between peaks. Ribose was purified by chromatography on sheets of Whatman no. 3 MM paper in the solvent system ethyl acetate-water-acetic acid (3:3:1, by vol.) (Jermyn & Isherwood, 1949) , up to 10 mg. of material being loaded on to paper 22 cm. wide.
Degradation of ribose. The sample of ribose dissolved in 1 ml. of water was added to 2 ml. of a suspension of L. plantarum, containing approx. 0-5 g. of wet cells, and 40 ml. of 42 mM-NaHCO2 in a 60 ml. Warburg flask. The flask was connected to a manometer, gassed for 15 min.
with N2 + CO2 (95:5, v/v), and then shaken at 100 strokes/ min. at 37°. When evolution of CO2 reached a constant low level (after approximately 4-5 hr.), 2 ml. of 2N-H2SO4 was added and the cells were removed by centrifuging. Under these conditions, approx. 0-5 m-mole of ribose was fermented in 4-5 hr.
The supernatant from the cells was steam-distilled as described by Gest & Lampen (1952) . The distillate was collected in 10 ml. fractions, which were separately titrated with N-NaOH to the end point of bromothymol blue.
A graph of log (pl. of NaOH) used in each titration against total volume of distillate gave a plot of variable slope, indicating the presence of more than one acidic species. The neutralized distillates were combined, concentrated to 20 ml. (cf. Gest & Lampen, 1952) , brought to pH 2 by addition of 2N-H2SO4 and again steam-distilled. Titration of 10 ml. fractions and graphical examination of the results as above gave a plot having a constant negative slope, indicating the homogeneity of the distillate. Acetic acid was isolated from the second distillate by continuous extraction with ether for 17 hr. and removal of the solvent, giving an almost quantitative recovery. Lactic acid was similarly recovered from the combined residues of the two steam-distillations. Determination of lactic acid in the ether extracts by the method of Barker & Summerson (1941) indicated a recovery of 96% from the fermentation. Final purification of the two acids was effected by chromatography on Amberlite CG-50 ion-exchange resin (Rohm and Haas Co., Philadelphia, U.S.A.) following the method of Seki (1958) . In trial experiments it was found that complete separation of the acids from one another could be achieved under the conditions used.
Degradation of lactic acid and acetic acid. Lactic acid was oxidized with chromic acid (Wood, Lifson & Lorber, 1945) to yield acetic acid and C02, which was recovered as BaCO3. Acetic acid, either from the fermentation of ribose or from the decarboxylation of lactic acid, was degraded by the Schmidt reaction (Anker, 1957) . Carbon dioxide was collected as BaCO3, the reaction mixture was made alkaline by the addition of 30 % (w/v) NaOH and methylamine was distilled and absorbed in 2 ml. of N-HC1. The methylamine was converted into 2,4-dinitromethylaniline, which was purified by chromatography (Birch, Moye, Rickards & Vanek, 1962) .
Measurement of radioactivity. Specific radioactivities were measured with a thin end-window Geiger-Muller counter (thickness of window 1-7 mg./cm.2). Infinitely thick samples (not less than 20 mg./cm.2) of either BaCO3 or 2,4-dinitromethylaniline were counted until the statistical error was not greater than 5 % and compared with a standard planchet of known specific activity. All specific activities of 2,4-dinitromethylaniline were multiplied by the experimentally determined factor of 1-06 to make them comparable with those of BaCO3.
RESULTS
C. utilis was grown in 500 ml. of liquid medium, harvested and the cells were suspended in 600 ml. of fresh medium as described by Barker et al. (1964) . The cell suspension was divided equally between two flasks; 15 mg. of adenine dissolved in 1 ml. of water was added to one flask and the two cultures were aerated at 37°. When exponential growth had begun, 2-5 ml. of a solution of [2-14C]-glucose containing approx. 100 ,uc/ml. (The Radiochemical Centre, Amersham, Bucks.) was added to each flask and aeration was continued at 370 for 5-5 hr. The cells were harvested, sodium nucleates were extracted and hydrolysed and the mixed nucleoside 2'-and 3'-phosphates were separated by Vol. 91 327 (179) 100 (95) C(4) (1), (2) and (3) above, or for the dissimilation of hexose (cf. Dawes & Holms, 1958; Katz & Wood, 1960; Wood, 1955) , some pentose is reconverted into hexose in which the distribution of isotope is different from that in the original labelled molecule. The distribution of label in ribose may be compared with that in, for instance, glycogen, which may be assumed to reflect the true distribution in the glucose acting as the precursor of ribose. The validity of this method depends on the assumption that equilibration between the labelled glucose and glycogen is more rapid than the processes involved in ribose synthesis, which may not be true (Sowden et al. 1954 ).
Szynkiewicz, Sable & Pflueger (1961) partly avoided the problem by confining their measurements of activity to C(1) and C(2) of ribose and C(1), C(2) and C(3) of glucose. The first two carbon atoms of ribose are labelled only by the first three carbon atoms of glucose, and no account need therefore be taken of the origin of the glyceraldehyde phosphate. This method is not appropriate for the present purpose, which is to explain the overall depression of the labelling of ribose.
Glyceraldehyde phosphate is required in stoicheiometric amounts for the complete operation of reactions (1) and (2)- (3) above. Pontremoli, Bonsignore, Grazi & Horecker (1960) have demonstrated the existence of a concerted attack by transaldolase and transketolase on fructose 6-phosphate in which no glyceraldehyde phosphate is required. The products are pentose 5-phosphate and heptulose 328 1964
Vol. 91 SYNTHESIS OF RIBOSE BY CANDIDA UTILIS32 7-phosphate and the overall reaction is equivalent to the sum of reactions (1) and (2) Glyceraldehyde phosphate produced by the combined operation of the oxidative pathway and the transaldola,se-transketolase network is derived solely from 0(4),, 0(5) and 0(6) of glucose. On the other hand, if glucose is also metabolized by the Embden-Meyerhof pathway, glyceraldehyde phosphate will also arise from C(l) C (2) and C (3) (1954) and David & Renaut (1954 , that the principal route from glucose to ribose is the oxidative pathway. The label at C(2) is explained by the participation of the transaldolase-transketolase network, and that at C(4) suggests that this network operates in the production of ribose, at least in part, by utilization of glyceraldehyde phosphate arising from the Embden-Meyerhof or Entner-Doudoroff pathway. In agreement with the Scheme discussed above, C C C -C-C-C-P 2 3 3 4 5 6
Hexose 6-phosphate (B) P-C-C -C-C-C-C-P The results expressed in Table 1 show no gross differences between the distributions of label in the ribose derived from the four nucleotides of RNA in cells growing in normal medium. This indicates that the ribosyl residues of all the nucleotides are derived from one pentose phosphate pool. It is therefore concluded that the differences previously observed between the specific activities of ribose obtained from the four nucleotides (Barker et al. 1964 ) are due to variations in the rate of turnover.
From Table 1 it is seen that the pattern of labelling ofthe ribosyl residues ofRNA derived from cells grown in presence of adenine is remarkably similar to that for cells grown in normal medium.
The main difference concerns the activity at C(,) of the ribose from adenylic acid, guanylic acid and cytidylic acid. In view of the above discussion of the mechanism of the labelling of C(5) of ribose by isotope originally located at C(2) of glucose, it is tentatively suggested that the effect of adenine on the carbohydrate metabolism of C. utilis may be, in part, associated with the aldolase reaction and its reversal. However, if the effect of adenine were due only to the elimination of the re-formation of hexose from C3 units, a reduction of the activity at C0(3) of ribose might also be expected. Thus this does not provide a full explanation of the results obtained. SUMMARY 1. Candida utiti8 has been grown in the presence of [2-_4C]glucose, and ribose has been prepared from the cytosine, adenine, guanine and uracil nucleotides obtained from the RNA.
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